In PISA 2015 the average mathematics score of Turkey decreased dramatically. One of the reasons could be the psychometric properties of mathematics items of PISA 2015. Therefore, it is necessary to evaluate PISA mathematics items for language DIF. In the study, three different DIF detection methods were used: logistic regression (LR), Mantel-Haenszel (MH) and structural equation modeling (SEM). Eleven items were found to have DIF when Turkish and English speaking students were compared. The effect sizes of mathematics performance differences between Turkish and English speaking students before and after excluding DIF items did not change which indicated that DIF items did not cause Turkish students to perform lower than expected. All the DIF items were open response format in which answers were rated by experts and computers. The DIF items favoring Turkish students were mainly related to the basic cognitive process.
INTRODUCTION
The Programme for International Student Assessment (PISA) aims to provide internationally comparable data for 15-year-old students' performance based on reading, mathematics and science. PISA is administered every 3 year which makes possible to monitor progress of educational systems. The results of PISA get great attention by educators, researchers and policy makers as PISA provides detailed information about more than 70 countries. PISA 2015 application had great coverage in which 35 OECD countries and 37 partner countries participated to the assessment. PISA has many additional important features that make it unique and different from other assessments. For instance, PISA links student performance results data with student level variables like students' background and attitudes towards learning and with school level variables like school characteristics. PISA aims to measure students' capacity to apply knowledge and skills in key subjects which is defined as "literacy". (OECD, 2016a) .
Differential item functioning (DIF) detection methods are widely used to evaluate the fairness and equality of tests on item level in investigating the comparability of translated and/or adapted measures (Zumbo, 2007) . DIF occurs and threatens the comparability of scores if students with the similar ability level on the underlying construct in different groups do not have the similar probability of getting the right answers for a specific item (van de Vijver & Leung, 1997; Zumbo, 2007) . Evaluating items in terms of DIF is a necessary preliminary analysis before conducting any comparative study. Otherwise, if a test contains items having DIF, observed differences in scores could be related to the problematic items rather than true differences on the underlying trait or ability (He & van de Vijver, 2013) . If an item is detected as having DIF statistically, the context of the item should be examined by experts to evaluate whether the item indeed biased against one group systematically (van de Vijver & Leung, 1997) . However, judgmental expert evaluation alone might not be always successful to detect why DIF occurs. For example, Angoff (1993) reported that even item writers often had problems to understand why some perfectly reasonable items showed large amounts of DIF. Some scholars investigated whether student background variables could be potential explanations of sources of DIF (Joldersma & Bowen, 2010; Liu et al., 2016; Zumbo & Gelin, 2007) .
PISA items are prepared very carefully under the guidance of the experts by international team of item developers. Translatability reviews are conducted considering translation, adaptation and cultural issues (OECD, 2017) . However, many researchers reported that PISA mathematics items contained DIF (Demir & Kose, 2014; Kankaras & Moors, 2014; Lyons-Thomas, Sandilands, & Ercikan, 2014; Yildirim & Berberoglu, 2009 ). Yildirim and Berberoglu (2009) reported that 5 out of 21 mathematics items in PISA 2003 were flagged as having DIF in the comparison of Turkish and American students (3 of these items favored Turkish students). Lyons-Thomas et al. (2014) found that there were gender DIF in PISA 2009 mathematics items of students in Canada, Finland, Shanghai, and Turkey. Demir and Kose (2014) identified many DIF items in PISA 2009 mathematics assessment when they compare answers of Turkish students with German, Finish and American students. Therefore, there is a possibility that PISA 2015 mathematics items might contain DIF items that could cause a decline in Turkish students' mathematics scores. There is not any study that investigated whether PISA 2015 items contained DIF across Turkish and English speaking students.
Purpose of the Study
Having DIF items for a language group is a threat to comparability of test scores. In this study, PISA 2015 mathematics items were analyzed in terms of DIF for Turkish, English and American students. The main idea is that whether the low mathematics scores of Turkish students could be due to DIF items against Turkish students. Therefore, in order to test this claim, DIF analyses using answers of Turkish and English student, as well as Turkish and American students were conducted separately. The research questions of this study were 
METHOD

Participants
The data of this study were obtained from the PISA 2015 data set. In PISA, the target population is all 15-year-old students of participating countries. PISA has rotated booklet design in which each student answers linked portion of all items. Therefore, ability level of each student could be estimated from all items without requiring a student to answer all items (OECD, 2016b) . This study used the data of all Turkish, English and American students who answered mathematics items in booklets 43, 45, and 47. These three booklets were selected because they included all the items and there were no overlap of items. The participants were 491 Turkish students, 1154 English students and 448 American students.
Instrument
In PISA 2015, a total of 69 mathematics items were used to collect information about students' mathematics performance and a student responded approximately 23 mathematics items. PISA aims to measure mathematical literacy level of students defined as the capacity of students to apply acquired knowledge and skills to different problems and challenges they encounter. The mathematical processes measured in PISA are formulate (formulating situations mathematically), employ (employing mathematical concepts, facts, procedures and reasoning), and interpret (interpreting, applying and evaluating mathematical outcomes) (OECD, 2016b) . These mathematical processes have a hierarchical order in which interpret represents the highest cognitive process. In Table 1, Table 2 and Table 3 , item number, item code, item label, item format, cognitive processes measured by each item and item-level percentage correct values for Turkish, English and American students in booklet 43, 45 and 47 were reported.
Data Analysis
In the study, three different DIF detection methods were used. These DIF detection methods were logistic regression (LR), Mantel-Haenszel (MH) and structural equation modeling (SEM). As each DIF method is based on different statistical procedures, and studies reported that there might be low to medium coherence among DIF detection methods (Atalay, Gok, Kelecioglu & Arsan, 2012), more than one method was used. In order to get more consistent findings, an item that showed DIF in at least two different methods was considered to contain DIF across language groups. Sixty-nine mathematics items were evaluated in terms of DIF for Turkish-English and Turkish-American students groups.
In the logistic regression method, as the first step, only total score (model 1), then total score and grouping variable (model 2), and finally total score, grouping variable and their interaction (model 3) were used as predictors. Significance of country and their interaction, and the change in R 2 value were taken as evidence for uniform bias and non-uniform bias, respectively (Zumbo, 1999) . Zumbo and Thomas (1997) proposed that ΔR 2 (the difference between model 3 and model 1) higher than 0.130 indicates moderate DIF and higher than 0.260 indicates large DIF. Jodoin and Gierl (2001) proposed lower values to detect DIF; ΔR 2 higher than 0.035 indicates moderate DIF and higher than 0.070 indicates large DIF. In this study the criteria of Jodoin and Gierl was used to detect DIF items as it requires lower values which allows to detect more items. Therefore, the possibility to omit an The Mantel-Haenszel DIF detection method is based on building of K two-by-two contingency tables, where K represents the number of discrete score categories that are used to match the comparison groups. For each matched score level, the expected and observed ratios are compared by chi-square method (Holland & Thayer, 1986) . Then The MH D-DIF index is calculated using these comparisons with logarithmic transformations in which a negative value indicates the item favors reference group over the focal group (Holland & Thayer, 1988) . Educational Testing Service (ETS) proposed a criterion to flag DIF items: The MH D-DIF index between 1 and 1.5 indicates moderate DIF and The MH D-DIF index higher than 1.5 indicated large DIF (Zieky, 1993) . DIFAS 5.0 program was used for MH DIF detection analysis (Penfield, 2005) .
In the SEM procedure, a Confirmatory Factor Analysis (unifactorial, with all items as indicators of the latent variable) is conducted to assess configural, metric and scalar invariance. The difference between incremental types of model fit is evaluated as the factor loadings and intercepts are forced to be equal for comparison groups (van de Vijver, 2017) . If the difference in comparative fit index (CFI) and Tucker Lewis index (TLI) between configural, metric and the scalar invariance model is larger than 0.010, the modification indices are investigated to identify DIF items (Cheung and Rensvold, 2002) . Mplus 7.4 program was used for SEM DIF detection procedure (Muthen & Muthen, 2015) .
After detecting DIF items, the effect sizes of mathematics performance differences among student groups before and after excluding DIF items were calculated. The change in effect sizes was investigated. Effect size allows researchers to compare the difference between groups without being affected from sample size (Field, 2013 (Cohen, 1988) .
RESULTS
Preliminary Analysis Reliability Analysis of the Instrument
Cronbach's alpha reliability coefficients of the PISA 2015 mathematics tests for booklets 43, 45 and 47 were calculated as 0.78, 0.79, 0.76 for Turkish students, 0.81, 0.84, 0.85 for English students, and 0.80, 0.86, 0.86 for American students, respectively. These values indicated good internal consistency (Cicchetti, 1994) .
DIF Results
In this section, results based on LR, MH and SEM DIF detection methods were presented. Overall results were compared at the end of this section.
Logistic Regression DIF Results
DIF results using LR method was presented in Table 4 . In comparing answers of Turkish and English student, 10 out of 69 items (B43_11, B45_10, B45_13, B45_18, B47_1, B47_6, B47_7, B47_8, B47_9 and B47_19) were flagged as having DIF. When answers of Turkish and American student were compared, 14 out of 69 items (B43_11, B43_15, B43_16, B45_10, B45_11, B45_13, B45_18, B47_1, B47_6, B47_7, B47_9, B47_11, B47_14 and B47_19) were flagged as having DIF. 
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Mantel-Haenszel DIF Results
DIF results using MH method was presented in Table 5 . In comparing answers of Turkish and English student, 10 out of 69 items (B43_11, B45_10, B45_13, B45_18, B47_1, B47_6, B47_7, B47_9, B47_10 and B47_19) were flagged as having DIF. When answers of Turkish and American student were compared, 10 out of 69 items (B43_11, B45_10, B45_13, B45_18, B47_1, B47_7, B47_9, B47_11, B47_14 and B47_19) were flagged as having DIF. 
SEM DIF Results
SEM DIF results were presented in Table 6 . In comparing answers of Turkish and English student, 4 out of 69 items (B45_2, B45_10, B45_13 and B45_18) were flagged as having DIF. When answers of Turkish and American student were compared, 2 out of 69 items (B45_13 and B47_9) were flagged as having DIF. 
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Overview of DIF Results
Since each DIF detection method is based on different calculations, an item flagged by at least two method was considered as containing DIF (Table 7) . In comparing answers of Turkish and English student, 9 out of 69 items (B43_11, B45_10, B45_13, B45_18, B47_1, B47_6, B47_7, B47_9 and B47_19) were flagged as having DIF by at least two methods. It is necessary to report which items favored Turkish students and which items favored English students. Among these 9 items, 6 of them favored Turkish students (B43_11, B45_10, B45_18, B47_6, B47_7, B47_9) whereas 3 of them favored English students (B45_13, B47_1, B47_19).
When answers of Turkish and American student were compared, 10 out of 69 items (B43_11, B45_10, B45_11, B45_13, B47_1, B47_7, B47_9, B47_11, B47_14 and B47_19) were flagged as having DIF by at least two methods. Among these 10 items, 5 of them favored Turkish students (B43_11, B45_10, B47_7, B47_9, B47_14) whereas 4 of them favored American students (B45_13, B47_1, B47_11, B47_19). LR results suggested that item B45_11 had non-uniform DIF. The related graphical percentages were given in Appendix A and B. The flagged items were generally consistent across Turkish-English and Turkish-American student comparisons. Items B43_11, B45_10, B47_7 and B47_9 favored Turkish students whereas items B45_13, B47_1, B47_19 favored English speaking students. Table 8 showed item formats and cognitive domains measured by the DIF items. All the DIF items were open response format in which students constructed the answers and then the answers were rated. Also, among 7 items that favored Turkish students 4 of them were related to formulate cognitive process which is the lowest cognitive process in PISA mathematics assessment. There was no formulate items that favored English or American students. 
Arıkan, S. / Are Differentially Functioning Mathematics Items Reason of Low Achievement of Turkish Students in
Effects of DIF Items on Mathematics Performance Differences
There were mathematics performance differences between Turkish students and English speaking students. Effect size, the standardized mean-difference, allows us to compare the difference between groups without being affected from sample size (Field, 2013) . In this part, the original effect sizes and the effect sizes excluding DIF items were reported (Table 9) . Between Turkish and English students, there were .51 to .93 effect size differences originally in these booklets. According to Cohen (1988) , these values represent moderate to large difference between students. When all DIF items were excluded, effect sizes did not change. Similarly, between Turkish and American students, the original effect sizes were calculated as .28 to .85. According to Cohen (1988) , these values represent small to large difference between students. When all DIF items were excluded, effect sizes were very close. The evaluation of the effect size change implied that DIF items generally balanced out each other and did not create any disadvantageous results for Turkish students. 
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DISCUSSION
This study has a great importance as it aimed to shed a light on possible causes of low mathematics scores of Turkish students in PISA 2015. Through PISA 2012, Turkey had an increasing trend in their mathematics scores, however, in PISA 2015 the average mathematics score decreased dramatically. In the study, whether the low performance of Turkish students could be due to differentially functioning items was investigated. As PISA is mainly developed in English first and then adapted to other languages including Turkish, evaluating whether PISA mathematics items functioned differently for Turkish and English speaking students was the main focus of the study. In comparing responses of Turkish and English students, 9 items (out of 69) were detected as having DIF. Similarly, 10 items were found to have DIF when Turkish and American students were compared. The surprising finding was that among these DIF items, more items favored Turkish students than they favored English or American students. The standardized mathematics performance differences (measured by effect-size) between Turkish and English speaking students before and after excluding DIF items did not change. Therefore, it is concluded that DIF items did not cause Turkish students to perform lower. Therefore, there is no evidence that PISA items created a disadvantage for Turkish students. Therefore, among possible reasons of low achievement of Turkish students, a problem due to the psychometric properties of PISA items was eliminated. There is still a further need to investigate and focus on other possible reasons of low achievement of 15-year-old Turkish students by conducting new comparative studies.
The possible reasons of these lower scores in PISA 2015 could be the problem of comparability of the Turkish samples over years; the effects of change in test administration method (computer based administration instead of paper and pencil test); the change in the curriculum, educational practices or country level educational policies. One of the reasons of the decrease in the PISA scores could be the selected sample of Turkey. The sampling procedure and coverage rates were reported in PISA technical reports. The coverage rates are important as they give clues about the representativeness of the population. Turkey's coverage rates in PISA were increased over years. The coverage rates were 36% in 2003 , 47% in 2006 , 57% in 2009 , 68% in 2012 and 70% in 2015 . Spaull (2017 studied coverage rates and sample of Turkey and he concluded that there was a large change in the proportions of Turkish students that were not sampled in PISA, therefore the validity of the comparisons of the results could have some problems. There is a need to conduct further studies on these sampling issue of Turkey. The other reason could be the change in the administration method of PISA. There was a shift from paper-and-pencil tests in PISA 2012 to computer-based tests (CBT) in 2015. There is a debate over effect of CBT on test results (Jerrim, 2016; Jerrim, Micklewright, Komatsu & Rappleye, 2017) . Investigating possible effects of CBT on Turkish students' scores would be an informative study about the decrease in scores.
Another reason of the decrease in the scores could be related to curriculum change and educational policies. Students who took PISA 2015 in Turkey were mainly 9 th or 10 th graders. In Turkey, there are frequent changes in curriculum and educational policies in all level of educational system. For instance, in 2012, when students who join the PISA 2015 administration were in 6 th or 7 th grade, the K-12 education system in Turkey has undergone some major changes and students were allowed to continue their high school in the form of distant education (Gün & Baskan, 2014) . The effects of these curriculum and system changes on PISA scores are worth to investigate. The last but not the least, the congruence between educational practices in Turkey and cognitive skills measured in PISA might create a low score for Turkish students. As PISA aims to measure students' capacity to apply knowledge and skills that are related to be successful in modern societies (OECD, 2016a) , acquiring curriculum related knowledge might not be enough to be successful in PISA. However, in TIMSS 2015, another large scale assessment that focus more on curriculum, Turkish students increased their scores in both mathematics and science (Yıldırım et al., 2016) . A study focuses on the increase of scores on the curriculum focused large scale assessment but the decrease of scores on capacity focused large scale assessment of Turkish students would be informative.
This study found DIF items in mathematics assessment, however the DIF items did not lead Turkish students to perform lower in PISA 2015. The DIF flagged items were generally consistent across Turkish-English and Turkish-American student comparisons. Among 9 items that were flagged as DIF in Turkish and English student comparison, 7 of them were also flagged in Turkish-American comparison. As these items were not released, it was not possible to evaluate the content of items to speculate why these items contained DIF consistently across different comparison groups. There is a need to identify possible sources of DIF, hopefully after items are released. The results of the study were consistent with the other researchers who found DIF items in PISA (Demir & Kose, 2014; Kankaras & Moors, 2014; Lyons-Thomas, Sandilands, & Ercikan, 2014; Yildirim & Berberoglu, 2009 ).
Although mathematics items were not released, there was an information about item format and cognitive processes measured by each item. There were relationship between DIF items and their format and cognitive processes. First of all, all the DIF items were open response items in which students' answers were rated by experts or computers (OECD, 2017) . Among 69 items, 18 open response items were coded by experts and 22 open response items were coded by computers. Multiple coding design was used to monitor coder reliabilities within and across countries. The open-ended coding system was used to simplify the coding process. National Project Managers of each country were expected to investigate the systematic pattern of irregularities. For OECD countries, the median within-country agreement of raters was 97.5% and the median across-country agreement of raters was 97.9% in mathematics. For Turkey, within-country agreement of raters was 97.7% and across-country agreement of raters was 93.9% which was the second lowest (OECD, 2017) . As all DIF items were open response items, and across-country agreement of Turkey was lower than OECD countries, it would be informative to know whether the coding could cause an advantage or disadvantage for Turkish students. Another issue is that the DIF items favoring Turkish students were mainly related to formulate cognitive process. Formulate cognitive process is defined as formulating situations mathematically which is the lowest cognitive process in PISA. In Turkish educational system there are problems that teachers do not give adequate emphasis to develop higher cognitive processes. Turkish students generally encounter with items that are related to basic skills as comprehension rather than higher order thinking skills as problem solving (Arikan, van de Vijver & Yagmur, 2016; Doganay & Bal, 2010; Temur, 2012) . Therefore, Turkish students' high familiarity of basic cognitive skills could cause more formulate items to be detected as having DIF.
In the study three different DIF identification methods were applied. DMF tespit etme yöntemleri kullanılarak testlerin madde bazında yanlılık gösterip göstermediği ile ilgili ön inceleme yapılabilmektedir (Zumbo, 2007) . DMF'nin ve sonrasında madde yanlılığının ortaya çıkması öğrenci gruplarının puanlarını doğru bir şekilde karşılaştırmayı engellemektedir. Aynı beceri düzeyine sahip iki öğrenci grubunun bir soruyu yanıtlama olasılıkları farklılaştığında DMF ortaya çıkmaktadır (van de Vijver & Leung, 1997; Zumbo, 2007) . Bir maddede istatistiksel olarak DMF çıkarsa, uzmanlar o soruyu incelemeli ve neden DMF çıktığını yorumlayarak maddenin ilgili gruplar için yanlılık gösterip göstermediğine karar vermelidir (van de Vijver & Leung, 1997) .
PISA soruları oldukça geniş bir uzman kadrosu tarafından titizlikle hazırlanmakta ve adaptasyon süreçleri gerçekleştirilmektedir (OECD, 2017) . Ancak yine de, araştırmalar PISA matematik sorularında DMF içeren maddeler olduğunu raporlamışlardır (Demir & Kose, 2014; Kankaras & Moors, 2014; Lyons-Thomas, Sandilands, & Ercikan, 2014; Yildirim & Berberoglu, 2009 
Veri Analizi
Bu çalışmada 3 farklı DMF belirleme yöntemi kullanılmıştır. Bu yöntemler logistik regresyon (LR), Mantel-Haenszel (MH) ve yapısal eşitlik modelidir (SEM). Her metot farklı hesaplama yöntemlerine dayalı olduğu için (Atalay Kabasakal, Gok, Kelecioglu & Arsan, 2012) daha tutarlı sonuçlar için en az 2 yöntemde farklılık gösteren maddeler DMF içeriyor olarak kabul edilmiştir. Logistik regresyon analizinde ilk adım olarak toplam puan, ikinci adım olarak toplam puan ve grup değişkeni, üçüncü adım olarak da toplam puan, grup değişkeni ve toplam puan ile grup değişkeninin etkileşimi modellere eklenmektedir. ΔR 2 0.035'den büyük ise DMF olduğuna karar verilmiştir (Jodoin and Gierl, 2001) . SPSS programı kullanılarak bu analizler gerçekleştirilmiştir. Mantel-Haenszel metodunda ise grupların toplam puanına göre K adet 2x2 çapraz tablolar baz alınarak ki-kare değerleri hesaplanmaktadır. Daha sonra ilgili dönüşümler yapılarak MH D-DIF indeksi oluşturulmaktadır (Holland & Thayer, 1986) . Bu değer 1'den büyük ise DMF olduğuna karar verilmektedir (Zieky, 1993) . DIFAS 5.0 programı ile hesaplamalar yapılmıştır (Penfield, 2005) . SEM ile DMF belirleme yönteminde ise doğrulayıcı faktör analizinde ilgili parametrelerin eşit olmaya zorlanması sonucunda elde edilen fit değerlerine büyük etkisi olan maddeler DMF içeren madde olarak belirlenmektedir (van de Vijver, 2017) . Comparative fit index (CFI) ve Tucker Lewis index (TLI) değerleri arasındaki fark 0.010'dan büyük ise modifikasyon indeksleri incelenerek DMF içeren maddeler tespit edilir (Cheung and Rensvold, 2002) . Bu analizde Mplus 7.4 programı kullanılmıştır (Muthen & Muthen, 2015) .
SONUÇ VE TARTIŞMA
İç Tutarlılık
PISA 2015 matematik sınavı için Cronbach's alpha iç tutarlılık katsayıları kitapçık 43, 45 ve 47 için Türk öğrenciler için sırasıyla 0.78, 0.79, 0.76; İngiliz öğrenciler için 0.81, 0.84, 0.85; ve Amerikan öğrenciler için 0.80, 0.86, 0.86 olarak hesaplanmıştır. Bu değerler testin iyi düzeyde iç tutarlılığa sahip olduğunu göstermektedir (Cicchetti, 1994) .
